Abstract-This paper describes the Care4Baiance (C4B) system for better facilitating communication and task coordination between formal and informal caregivers, and older adults as care receivers. Field-tests with older adults (n=3) and user studies (n=9) were conducted to evaluate the system and the perceived usefulness of the system. A review of related work and the study findings show that (1) the perceived benefit for the older target group was very low. The main motivation for using the system was triggered by the perceived benefit for their closest informal caregivers; (2) Informal caregivers do not regularly seek help for themselves, and (3) Introducing a C4B-like system is more than solving hardware and usability issues. The study suggests that more flexibility in the organizational structure of formal care (in The Netherlands and beyond) is needed.
I. INTRODUCTION
Due to the fast ageing population, more pressure is exerted on the demand for healthcare providers for older adults. The tendency for this group is to age independently at home (or 'age-in-place'), instead of going into assisted-living or nursing homes [1] . The care for these older adults who are living at home is often provided by (formal) professional healthcare providers and informal caregivers (family members or friends). The emotional involvement of informal caregivers in the wellbeing and safety of the older adult affects the motivation for doing the maximum for the care receiver, but can result in overprotecting the older adult, leading to an accelerated increase of dependency. Also, the demanding nature of caring can make it difficult for the informal caregiver to balance their care duties and personal lives, leaving them stressed and at higher risk of developing psychological illness [2] . The shift in the role of family member or friend to caregiver often happens gradually [3] , and therefore they do not always consciously perceive themselves as informal caregivers. This makes it unlikely for them to be reached by informal care organisations that offer supportive resources, such as respite care [3] . While the role of these informal caregivers is becoming more and more important as there is an increasing shift from institutional care to home care [4] , their interests are often ignored in discussions about the future of healthcare [1] . To address this lack, this paper discusses the literature and study of a system that aims to unburden the informal caregivers and empower the older adults.
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II. RELATED WORK
In the field of Human Computer Interaction (HCI) and Pervasive Health, mitigating the burden of caring in the context of ageing-in-place is commonly approached from the perspectives of different stakeholders: the care recipients, the informal caregivers and (formal) professional healthcare providers.
Older adults generally value their independence and want to remain independent for as long as is manageable [3] . Explored approaches for helping to prolong this independence include increasing their self-sufficiency, by for example facilitating the self-management of their health (e.g. [5] ) or improving their ways of interacting and communicating with others (e.g.
[5], [6] 
IV. STUDY
To study and evaluate how people perceive such a multi stakeholder system in-situ, a field study (n=3) was set up in Belgium and the Netherlands. In addition, shorter-term user tests (n=9) were conducted.
A. Methodology: field study The study's target participants were older adults with a care need living independently at home or in an assisted living facility. Internet connection in the homes of the older adults was provided. Their informal caregivers (at least two) were required to be proficient computer users with Internet access.
The inclusion of formal caregivers was not required.
The participants were visited and interviewed at the start of the study and after each month. Participants were interviewed about their general attitudes towards the system and about its stability, usability and perceived usefulness. The actions that 334 the participants performed with the system were also logged.
The participants received a diary two weeks before the system was installed, so that possible changes in behavior could be recorded and so that they were more aware of all the care tasks to define the RFID cards afterwards.
Participants were recruited via care organizations and revalidation centers in the Netherlands and Belgium. The system was presented to professional caregivers who then suggested names of participants who met the inclusion criteria.
To ensure that all studies were conducted in a uniform way, research manuals with walkthroughs and questionnaires for all appointments with the participants were prepared in advance and manuals for all components of the system were composed.
B. Recruitment results
The recruitment led to appointments with 42 care networks (older adults with care providers). The C4B system was explained to the older adult and / or their informal caregivers either in person or by phone by one or two researchers.
Only three care networks agreed to participate in the study.
However, the motivations people gave for not participating provided valuable insights in people's perception with regards to their own situation and the C4B system.
Care network: Often, either the care receiver or the caregivers were willing to take part in the study, while the other party was not. Some older adults did not have informal caregivers.
Older adults: Many older adults felt that everything was already taken care of. They did not want to burden their informal caregivers by participating in a study. In addition, they were not used to ask for help from (in)formal caregivers if needed, as facilitated by the system. Instead, they were expecting help from formal caregivers at specific times. Some older adults felt that a telephone call was much easier than the indirect communication facilitated by the system. Also the cards gave some issues and finally, the front-end for older adults was perceived as a device that reminded them that they were in need of care.
Care providers: Some informal caregivers did not want to participate in the study, because they either lived too far away from the older adult, felt they were too busy, or thought that the older adult would not be able to use the new technology.
Also, several informal caregivers did not perceive themselves as informal caregivers at all, saying that they 'just did some tasks for their relative'. The formal caregivers indicated that they were not used to care-on-demand. This indicates a larger issue that needs more attention and resulted in excluding the professional care providers from the first pilot.
e. Field study findings
Three care networks used the system for three months. One network decided not to have the sensors installed, while the other two networks recognized the value of the sensors. The context awareness provided peace of mind for the care network, but in response to some disruptions of the sensor system they indicated that the sensors should work consistently to not have the opposite effect. One participant found the dashboard unpleasant to use and switched to an iPad with the web application for caregivers. It took the third participant some time to get used to the terminal: after two months, she still had some difficulties controlling the system. However, presenting the cards did not seem to be a problem.
The care receiver used the terminal for looking at her agenda of the day and for requesting help with certain tasks. The older participants did not feel that they could express themselves through the cards: "These actions are not what J need". The fmdings suggest that the cards should be more about irregular tasks rather than about recurring tasks. One of the older adults only used cards to indicate medicine intake.
The informal caregivers in one of the networks saw that all informal caregivers could see how much they are doing as an advantage. Others also stated that they would have found the system more useful if they would receive immediate notifications. During the pilot, the network did not change the way they organized care. Also, no new informal caregivers were added to the network. In all cases, the number of times people logged in decreased during the test period.
D. User study
The field study and the interviews in the recruitment phase provided insight in people's attitude towards the system. To gain more detailed feedback on how to improve the system, shorter-term user tests were conducted. The user study focused on the usability of the device for older adults and the perceived usefulness of the complete system. Inclusion criteria for the participants were: (1) the participant is at least 65 years of age; (2) the participant lives in his own home; (3) the participant has at least one informal caregiver; (4) the participant has good orientation of time and space. Three researchers, in teams of two, conducted the tests. A manual was prepared beforehand to ensure that all tests were conducted in the same way.
The procedure started with the participants being interviewed about their background and attitude towards technology. Next, the C4B system was explained, after which people were asked to execute five predefined scenarios with the system (e.g. 'make an appointment', 'find out who is available'). The actions of the participants were recorded on video, which was analyzed to identify usability issues. Finally, the participants were interviewed about their attitude towards the system. Nine people (8 female, 1 male) participated in the user tests. The age of the participants ranged from 79 to 95 (mean 85).
The participants all lived independently and almost all received formal and informal care. Five participants owned a computer, three also had Internet access.
E. Findings of the user study
Most participants (n=7) indicated that, in general, they did not feel a need for new technology. Despite this attitude, the participants found the system usable. After some explanation 335 and a short period of familiarization, they were all able to fmish the tasks successfully. On a more detailed level, a number of usability issues came up. Some participants (n=4) found the cards unclear and were afraid to lose the cards. It took the older adults more time than anticipated to complete a task, causing issues with the default system behavior of returning to the home menu after a timeout. Furthermore, the device adheres to interface conventions, such as an X-symbol for closing a screen and terms like 'ok' and 'cancel'. It also uses a hierarchical menu structure with which appointments, subtasks and the availability of caregivers can be found. Not all participants were familiar with these conventions.
After using the system, about half of the participants stated that the system did not have an added value for them. The other participants thought that there was an added value, but mostly towards their informal caregivers. The older adults themselves all preferred to use a telephone to contact their caregivers. Only one of the older adults stated that she would like to use the C4B system in daily life.
F. General findings
The C4B system was explicitly designed to empower care recipients by putting them in control of deciding which care tasks they needed. However, the older adults that participated in the studies did not feel this need. Some preferred arranging things simply by calling, while others did not want to burden their caregivers by asking them for help at all. When the researchers pointed out that the asynchronous communication might benefit their caregivers, who may not always be in a position to pick up the phone, and who can better divide tasks when they are visible for the whole care-network, the older adults stated that they would use the system if it helped to unburden their caregivers.
Part of the issue seems to be that many of the approached older adults felt that the device, designed as an easy to use alternative to mobile technology, uncomfortably amplifies that they are people in need of help. Ways to address this is that the device should either have other uses not related to care (e.g. tablet for making video calls with grandchildren) or be a more common-used item that does not have such associations (e.g. phone). The study further suggests that the solution people prefer, seems to depend on their computer literacy:
older adults who have previous experience with computers were happy to accept a tablet as an alternative for the device, while computer-illiterate users would rather use a phone.
V. DISCUSSION AND FUTURE WORK
This work presented the design and evaluation of a multi layered system that aimed to engage and include each stakeholder's interests. The study of the system revealed several issues. Mainly, almost none of the older adults in the study saw an added benefit of the system for themselves.
One reason for this issue is stigmatization; the system putting too much emphasis on the (older) user as one in need of care. Part of the stigmatization might be addressed by putting more emphasis on reciprocity; someone who receives help with certain tasks, (e.g. getting out of bed and doing groceries), might be a caregiver in other contexts (e.g. by reading the newspaper to a neighbor). However, this requires a more active role of the care receiver in comparison with the current situation. Future system designs should take this into consideration, and should probably not make a distinction between care receivers and caregivers.
Future work could also further explore whether the device should be a familiar (tangible) item or should provide additional functionality to increase the system's acceptance.
Adding extra functionality and mechanisms of reciprocity, on top of improving usability, might help to address issues from the perspective of the older adult. However, it seems that there are also broader issues at play.
The study findings suggest that the system does not fit with the way that people currently are organizing care. Achieving the goals that motivated the design of the system requires a different view on the way care is organized. The current protocols for care (in The Netherlands and Belgium) seem to leave little room for flexible task distribution between professional and informal caregivers. Healthcare is organized centrally, where clients receive a fixed amount of care based on their conditions. In addition, the informal caregivers are often not used to delegate tasks to others. As care policies are different internationally, one suggestion for future work is to repeat this study in different countries on a larger scale.
Finally, 'care recipients' might be the wrong terminology, because older adults often indicate that they have difficulties with explicitly acknowledging and stating their care needs.
Furthermore, many of the care networks that were seen in this field study were relatively small. Consequently, there were only few people available that could possibly relief the main caregivers, and in some cases there were no informal caregivers at all. In these cases, the focus should rather be on ways to increase the care network. This may partially be achieved with digital tools. The field trial results demonstrate that introducing a C4B-like system is more than solving hardware and usability issues, it highlighted the way people think about what care is, or should be.
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